In this note, Luss's approach to optimization of a multiperiod resource allocation problem is employed to include carry-over effects of the controllable variable on future periods and also to include the carry-over effect from previous periods.
Luss, 1 has developed an elegant procedure for solving the following multiperiod resource allocation problem:
such that R* = m~x [ R = J 1 Q(Yt)J t Yt = L rt-P X P' t = 1, 2, ... , T p=1 X t ;:::: 0, t = 1, 2, ... , T,
(1) (2A) (2B) (2C) under the assumption that Q(Yt) is a strictly concave, differentiable, increasing function of Yt. In a marketing setting, X t might be advertising expenditure; Yt, goodwill; and Q(Yt), sales response.
If the optimal solution is a non-boundary one (i.e. Xt > 0 fort= 1, 2, ... T), Luss shows that the optimal solution has the following characteristics: 
This note is concerned with two main points. First, the objective function (1) which Luss employs is inappropriate for most marketing applications in which the goal is to allocate a fixed budget across several periods in the presence of a lagged response or carry-over effect. Nevertheless, Luss's algorithm, with minor modifications, can still be applied to a more appropriate objective function, as is shown below. His algorithm can easily handle carry-over effects from period 0 and beyond period T by choosing appropriate values of the parameters W (see Luss) and defining y 1 = rx 0 + x 1 . Second, the characterization of the optimal solution changes when the revised objective function is employed.
The difficulty with the objective function can be seen by contrasting (1), which places no values on effects beyond period T, with the meaning of (2B), which implies that the decision variable X 1 has an effect beyond period T. When using the objective function (1), the effects of X 1 in periods 1, 2, ... , Twill be considered in the allocation process, but only the effect of X T in period T will be considered. If the process truly terminates in period T, then the use of (1) as an objective function is appropriate. If, however, the T period horizon is arbitrary, then the use of (1) results in an overallocation to period 1 and an underallocation to period T.
The effect can be illustrated by a simplified numerical example, in which Q(Y1) is a linear and not strictly concave function of Y 1 • Suppose a firm must decide for each quarter of the year whether to conduct a promotion costing £10,000. The promotion has an incremental sales impact of £30,000 in the quarter the money is spent, £15,000 in the following quarter and so on. If the firm earns a 25% gross margin on sales, then considering effects only in the calendar year, the firm will promote in quarters 1, 2, and 3 but not in quarter 4. The resultant expenditure pattern is distorted because of the failure to consider lagged response effects beyond the end of the year.
One approach to building a more appropriate objective function for an allocation problem with lagged response is to construct an objective function in which the weight of the X t's (t = 1, 2, ... , T) are equal. 2 Define I 1 ••• weight (importance) of X 1 in an objective function.
